We demonstrate the emergence of superconductivity in pseudo-binary silicide SrNi x Si 2−x . The compound exhibits a structural phase transition from the cubic SrSi 2 -type structure (P 4 1 32) to the hexagonal AlB 2 -type structure (P 6/mmm) upon substituting Ni for Si at approximately x = 0.1. The hexagonal structure is stabilized in the range of 0.1 < x < 0.7. The superconducting phase appears in the vicinity of the structural phase boundary. Ni acts as a nonmagnetic dopant, as confirmed by the Pauli paramagnetic behavior.
shown in Figs. 2(a) and 2(b), respectively. For x = 0.1, 0.2, and 0.3, zero resistivities and diamagnetic signals, a hallmark of superconductivity, were detected below T c = 2.3, 2.6, and 2.8 K, respectively. The shielding volume fractions were 119% and 106% for the x = 0.2 and 0.3 samples, respectively. The shielding volume fraction was significantly lower for the x = 0.1 sample, because this sample is dominated by the nonsuperconducting cubic phase; the superconductivity at T c = 2.3 K can be ascribed to the hexagonal phase at x = 0.1. Bulk superconductivity was not detected for the x = 0.4, 0.5, 0.6, or 0.7 sample. Although the x = 0.4 sample showed zero resistivity, a negligibly small diamagnetic signal (with a shielding volume fraction lower than 0.1% at 1.8 K) suggests that the superconducting phase was not a bulk one for x = 0.4. For the x = 0.5, 0.6 and 0.7 samples, neither zero resistivity nor diamagnetic behavior was observed above
For further understanding of the superconducting state in SrNi x Si 2−x , we performed resistivity measurements in applied magnetic fields to determine the upper critical field H c2 of the x = 0.3 sample, at which the highest T c was observed. Figure 3 The H c2 (0) value was roughly similar to that of a pseudo-binary alkaline-earth silicide Ca(Al,Si) 2 with an AlB 2 -type structure. 21, 22 We estimated the coherence length to be To understand the role of Ni, we compared the normal-state resistivity of the superconducting sample (x = 0.2) with that of the nonsuperconducting sample (x = 0.6).
Figure 4(a) shows ρ as a function of temperature from 2 to 300 K for the x = 0.2 and 0.6 samples. ρ exhibits an almost temperature-independent behavior above T c = 2.6 K for x = 0.2, suggesting that the sample is a bad metal. In contrast to that, ρ for x = 0.6
shows a noticeable metallic behavior with a positive temperature coefficient. Another noticeable feature is the reduction of the residual resistivity for the x = 0.6 sample. We naively expect that disorder increases with Ni doping x, resulting in an increase in the residual resistivity. However, what we observed was a decrease in the residual resistivity with x. Thus, the observed reduction of the residual resistivity suggests an increase in carrier concentration with Ni doping. In other words, Ni acts to dope charge carriers in in zero applied field.
